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to inadequate experimental data, quite apart from the possibility of a faulty theory (see figure 9 ).
The adaptation method (E above) was used by Wright with positive, though not entirely satisfactory results. A description of these experiments formed part of a paper on colour adaptation (Wright 1934) . A considerable part of this paper was devoted to the establishment of an extended form of von Kries's 'Law of Coefficients ' (von Kries 1904) , the truth of which generalization (Wright's law) is fundamental to this method for deriving the sensations. The main purpose of this paper is further to discuss the coefficient law, which is stated in symbolic form as assumption (3) in the discussion of the method for determining the fundamental responses (p. 31).
H. V. Walters
A p p a r a t u s
The apparatus provides a small illuminated field for each of the observer's eyes, one of which can be varied in colour and intensity by the operator (the test patch), and the other by the observer (the comparison patch). This latter is adjusted until a complete binocular match is obtained. The fields are illuminated by narrow wave-length bands of the spectrum of a tungsten ribbon-filament lamp, the test patch usually being one such band selected in the region of a known wave-length, while the comparison patch is a mixture of three wave-length bands, usually chosen to lie in the red, green and blue region of the spectrum at 0-65, 0*53 and 0-46/£ respectively. The intensities of each of these contributions to the colour of the comparison patch is independently controlled by the observer.
In addition, it is also necessary for the operator to be able to cut off the light from the test and comparison patches, and substitute in the right eye (otherwise receiving the test patch) a large circular field of relatively high intensity and strongly saturated light. This is called the adaptation patch.
The apparatus meeting these requirements is described in the Journal Scientific Instruments (Wright 1939) , which should be consulted for details. This trichromatic colorimeter provides rectangular test and comparison patches of angular size 2x1°, and for a person with normal muscle balance the comparison patch appears vertically over the test patch and separated from it by approximately 1° visual angle. The intensity controls for the red, green and blue components of the com parison patch are situated so that their adjustment involves a minimum of fatigue. The observer's head is held steady by biting on to a wax dental impression attached to the instrument, and adjustments are provided so that the exit pupils of the instrument may be centred over the eye pupils, using the chromatic aberration of the eye as a test for centring. When centring is defective, the fields are unsymmetrically fringed with colour, the fringes disappearing when centring is complete. In this way troubles due to the 'Stiles and Crawford effect (1933) are eliminated.
The adaptation patch is of about 6° diameter, its colour and intensity being varied by suitable combinations of Ilford ' Spectrum ' and ' Neutral Density filters.
The change-over from viewing the test and comparison patches to viewing the adaptation patch is effected by a moving mirror and shutter system controlled by the operator. Figure 1 a indicates the relative positions of the test, comparison, and adaptation patches.
Variation in horizontal muscle balance was quite common and led to displace ments such as those shown in figure 1 b, and after some time vertical displacements began to be troublesome on some occasions, the patches slowly moving together and finally fusing (figure lc), when matching was, of course, impossible. When this occurred the experimental run was abandoned. Before discussing the theory of the method for determining the fundamental responses, we shall give an account of one type of experiment in summarized form, subsequently explaining the reasons for each step.
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(1) The observer adjusts the instrument to suit his interocular distance, etc.
(2) Both eyes are dark adapted for 20 min. (3) Binocular matches using 0-494 and 0-5825/4 as test patches are made at fairly low intensities (approx. 20 photons).
(4) Binocular matches are made of all the test stimuli to be investigated, the physical intensities being reduced by calibrated neutral filters or sectors. These are known as the 'initial' or 'pre-adaptation' matches.
(5) To facilitate subsequent matching the comparison patch is adjusted to the probable appearance of a given test stimulus after adaptation.
(6) The right eye is light adapted with moderately intense saturated light for 3 min., this being sufficient to render it in a steady state of adaptation as gauged by binocular matching methods (Wright 1934) .
(7) After 3 min. the light adaptation is interrupted by the operator, who, using a stop-watch, now shows the observer the test and comparison patches for 1 sec. in every 10, until the latter has obtained a satisfactory match. A second match is then made after slightly upsetting the first, and the mean readings of the two matches taken.
(8) The stop-watch hands are returned to zero, then simultaneously the adapta tion beam is cut off permanently and the watch started. The test and comparison patches are now continuously visible.
(9) The observer makes a series of rapid matches as the sensitivity of the right eye recovers, all the while taking care not to look at the patches for longer than necessary to make matches in comfort, experiment showing this to yield most consistent results, without appreciable systematic error.
After a short period of rest, another observational run is made (operations (5)-(9)), say for a different test stimulus or a different intensity of the same test stimulus.
Whenever several test stimuli of different intensities are being investigated during one observing session, every run is repeated if possible, and the repeated runs arranged in reverse order, so that if any continuous and fairly uniform change takes place in the physiological state of the retina (e.g. dark adaptation of the rods), its effects are minimized by averaging.
It is found experimentally that after exposure to normal intensities of artificial light 20 min. dark adaptation is sufficient to bring the eye to a steady state of sensitivity, especially as we are concerned with cone vision (Wright 1934) . Thus process (2) ensures that all the 'initial' or 'pre-adaptation' matches are made under constant sensitivity.
The third process is necessary to fix the trichromatic units in which the results are measured. The W. 1). Wright (W.D.W.) system has been defined so that there are equal numbers of units of the red and green instrument primaries (0-65 and 0*53/i) used to match 0*5825 /i,and equal numbers of green and blue (0*53 a match 0*4940 ju.This system is more suitable for physiological investigations t the more usual ones having white as a basic stimulus, the reasons being set out in a previous paper (Wright 1929) .
Low intensities of the various test colours are used mainly to obviate as far as possible any light adaptation of either eye, and also because the subjective bright ness in the post-adaptation matches will be low, and this accords with good physical practice.
Stage (5) is included to save time, since adjustment is necessarily more tedious during process (7). Interruption of light adaptation for 1 sec. in every 10 produces no significant change in retinal sensitivity over a period of 3 min. or so, but the interruption period may not be safely lengthened, while shortening produces deterioration in the observations.
We shall see that an assumption which is basic to the method for determining the fundamental responses is that the eye can be maintained very nearly in a constant state of adaptation to one field while another dissimilar field is presented to it sufficiently long for an estimate of its intensity and colour to be made. That this assumption is an ideal only approximated to is an inherent consequence of the fact that the eye does adapt itself to different fields. The effect of the deviation from ideal would not matter if the state of adaptation varied in a constant manner when the test stimulus is substituted for the adapting stimulus, i.e. independently of the nature of the test stimulus. Judging from our knowledge of the rates of the light-and dark-adaptation processes, this will be most nearly true when the test stimulus is of much lower intensity than the adapting stimulus, and of course when the variation between the several test patches is not large.
It has been found (Schouten & Ornstein 1939 ) that very rapid (a-) adaptation takes place on presentation to the eye of a new stimulus, and that thereafter a relatively slow (ft-) adaptation sets in. We must anticipate that a-adaptation may be highly specific, that is, the colour as well as the intensity of the stimulus playing a major role in determining the state of sensitivity of the retina. It is too much to hope that with the present technique it will be possible to eliminate or even minimize this factor experimentally. If the presentation time for the test stimulus is reduced, the advantage to be expected in respect of a-adaptation is more than offset by the poor discrimination entailed. Its possible presence, therefore, has to be considered in analysing the results.
Some experiments on the trichromatic theory of vision 31
M a t h e m a t i c a l t r e a t m e n t o f t h e m e t h o d f o r d e t e r m i n i n g
T H E FU N D A M E N T A L R E S P O N S E S
The following three assumptions were made in the original determinations made by Wright:
(1) The state of sensitivity of the right eye under light adaptation of about 2000 photons is not sensibly altered by the presentation for 1 sec. in every 10 of a different stimulus of somewhat lower intensity, say up to 500 photons.
(2) The left eye is not appreciably reduced in sensitivity, and in particular does not undergo colour adaptation, upon presentation of the comparison patch, which is frequently highly saturated.
(3) Suppose the two eyes to be maintained in constant states of adaptation, * * either of which may lie within a range from complete dark adaptation to that of light adaptation with monochromatic red or green light of the order of 10,000 photons. Then if each of two pairs of stimuli provides equality of sensation (a 'binocular match'), the resultant pair obtained by physical addition of the other two pairs will itself produce a binocular match. In symbols, if we represent a stimulus by 27, differentiating between those stimuli presented to the left and right eyes by suffixes l and r, and between different stimuli to the same eye by the prefixes 1, 2, etc., then if This condition is a generalization requiring the fulfilment of conditions (1) and (2), and may be described as the 'generalized coefficient law'.
We shall now see how these assumptions enter the arguments involved in the method, as we develop it.
There is considerable circumstantial evidence for the view that wave-lengths between approximately 0*54 p( slightly yellow-green) and the e the spectrum effectively elicit only the red and green responses. For the sake of con venience in using the W.D.W. trichromatic system having 0-53 //.as one instrument primary, the range may be extended to that wave-length without serious error. This evidence consists of the linearity of the spectral locus over the range indicated, and the fact that blue adaptation does not make, say a yellow at 0 5 8 //. appear too saturated to be binocularly matched by a mixture of the W.D.W. red and green primaries (0*65 and 0-53//). Both these arguments are reasonable, although not conclusive. Taking them on trust, we can simplify the search for the red and green responses.
Let us represent units of red, green and blue instrument primary by R, G and B, and the number of each in a match as a, /? and y respectively.
Suppose then that we represent binocular matches on two test stimuli in the redyellow-green region, in quality and intensity by the equations
where [ ]D indicates a state of dark adaptation. After adaptation, let the matches be represented by
It should be noted that though the equations are equations of sensation, we believe this to involve equality of response, and we can proceed without any assump tion about, or reference to, the response-sensation mechanism.
Suppose we now consider a hypothetical test stimulus represented by [Pt\d = [xRi+y@ilD> which also satisfies the condition that
k being a numerical constant. If we could obtain a stimulus evoking only one of the fundamental responses, it would obviously satisfy this condition, and our task is essentially the location of such a stimulus. This statement is the keystone of the argument, and in it lies the distinctiveness of the method. We can see without rigorous proof that should the adaptation be such that some real stimulus satisfied the condition, all stimuli would do so. The existence in practice of colour changes (a//?# a'//?') under the adaptations used is a guarantee against this latter possibility.
All the previous equations represent binocular colour matches, but we can com bine equations (i), (ii), and (v) to obtain an equation representing a monocular colour match, i.e. Combining equations (i), (ii), (iii), (iv), (x) and (xi) we obtain the following equation uniquely determining the colour of the fundamental responses:
For the purpose of location in the colour diagram, we are only concerned with the ratio of x to y, and we have in (xii) a quadratic equation in that ratio, the two roots of which clearly should give us the fundamental red and green responses, Hr and Jr, of the right eye.
Writing Hr = x^ + y^, Jr = x2Rt + y2Gh (xiii)
we can find x1/y1, x2ly2.
Recasting (xii) and solving:
2(/?i/?2-/? 1/?') • ' ;
This rather unwieldy equation is considerably simplified when either one of the a 's or one of the /?'s is zero. These important cases arise when, with red adaptation, one of the test stimuli is 0-65/^, and with green adaptation, 0*53/^ (0-53/j may not be used as a test stimulus with red adaptation, nor 0*65//. with green gfldaptation, since neither can then be matched binocularly, appearing more saturated than any possible mixture of spectral primaries in the left eye). The two special forms are then for green adaptation (a2 = 0). It is simpler to evaluate yjx in this latter case.
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Since the expression for x/y is homogeneous and symm quantities, there is no point in aiming at a selectively high standard of accuracy in any of the measurements. The accuracy of the value of, say, a[ varies inversely as its ratio to /$[, so it is desirable not to have any of the quantities very small. The possible range of test colours for red adaptation is roughly from 0-65 to 0-5825/*, and this is shortened in practice to 0-61/*, while the useful range for green adaptations was found to be from 0-53 to 0-5825/*, the latter being a useful test stimulus in reducing by one the number of initial matches necessary.
Before proceeding to discuss the results actually obtained, we can investigate the effects to be expected from particular errors in the measured quantities.
We may say straight away that we expect the red and green fundamentals, when expressed in terms of spectral primaries (0-65 and 0-53/*) to have negative green and red coefficients respectively, as a natural consequence of our basic theory, in which the responses are all positive. Hence we should expect both values of xjy to be real and negative, one being numerically greater than unity, and the other less.
Condensing (xiv), (xiv**), (xiv6) into the usual notation where a, b and c can easily be recognized, we see that a, b and c should all be of the same sign and 62 > 4 ac.In the special cases we have made the arbit a, b and c should all be positive, by suitably associating suffixes with test stimuli.
The following conditions are therefore necessary to satisfy the logical demands of the trichromatic theory: the signs of the inequalities in (xv), (xvi) and (xvii) being the same.
We should obviously try to make the terms on left-and right-hand sides differ by as large an amount as possible relative to their own magnitudes. For no colour change, i.e. no light adaptation, the differences vanish, and xjy becomes indeter minate, so that, ceteris paribus, we should aim at maximum colour change. The fulfilment of this requirement is compromised by a number of disadvantages attached to the conditions for great colour change. At very high intensities of adaptation, anomalous effects occur, including monocular colour-match breakdown, and the disturbing appearance of after-images, apart from the discomfort of the observer and the poor discrimination when the test stimulus is of much low er in tensity than the adaptation. We must certainly not work too near the threshold of sensation, since the mere existence of a finite threshold seriously limits the validity of the assumptions. 
R e s u l t s
Having acquired sufficient skill in binocular matching, a number of preliminary experiments were made using both red and green adaptations and the results reviewed. Quite apart from the large statistical spread, it was clear that the values of H and J determined from red and green adaptations did not agree. In fact, most of the red adaptations yielded complex values of the xjy ratio, indicating some serious systematic error.
These experiments were made with adaptation intensities of 1000 photons for the red and 600 photons for the green, the test stimuli intensities being of the order of 200 photons. The adaptation intensities were doubled, but the results were not informative. All the results from red adaptation were now found to be complex.
The original determinations (Wright 1934), giving real and reasonable results, had been made with a somewhat different technique, in which it was only possible to obtain points on the recovery curves after some 20 sec. The complete recovery curves which it was now possible to draw with the new technique were investigated to see if they showed some systematic error, as gauged by extrapolation, at 0. The positive blue, for instance, is relatively large at 0, but under all conditions is found to disappear very quickly and to be quite negligible for our present pur poses at t = 10 sec., so that its presence would not be suspected from extrapolation. No definite error could be observed, and, further, values of H and obtained from < x'n, (3' n, read from the recovery curves at 10 and 20 sec., showed no improvement in agreement or significant change in location. A representative set of results so far described is set out below (table 1) .
The fact that Wright had obtained reasonable, and the author unreasonable, results could be explained by differences in dynamic characteristics of vision, giving fortuitously good results in the former's experiments. These differences were known to exist.
It was felt that the positive blue phenomenon which has been mentioned might be of considerable significance in connexion with the anomalous results. Whenever a test colour in the red-yellow-green range is viewed immediately after a strong red or green adaptation, it appears quite desaturated or maybe purplish, indicating that the blue response is being fairly strongly evoked. During recovery the amount of blue required in the binocular match rapidly subsides and disappears. An important point is also that for the same state of adaptation the positive blue is less in relative value the higher the intensity of the test stimulus.
As a working hypothesis, suppose that the positive blue is a superposition on a response obeying the coefficient law, as an 'after-image' or other allied pheno menon. If the blue response alone shows this anomaly, the effect on the measure ments with red and green instrument primaries due to the non-identity of the blue instrument primary with the blue fundamental response would almost certainly be too small to account for the results described. In order to make some quantitative measurements, two separate stimuli were investigated, and then physically mixed, the ' sum ' of the separate recovery curves for each component being compared with the corresponding curves for the com bined stimuli. The few red adaptation experiments that were made showed that not only did the blue response behave anomalously but so also did the red and green, though the latter might not alone have aroused suspicion. Typical curves obtained in this way are shown in figure 2. Wright made a number of experiments of this type, and his results agreed in a general way with those of the author, indicating quite definitely a departure from the coefficient law. These observations, though few relative to the total number made by the author, are therefore of considerable significance as circumstantial evidence. The implication of these findings is either: (a) breakdown of the monocular colour match, or (6) breakdown of the generalized coefficient law.
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The former possibility was put to a straightforward test. It was found that the adaptation intensity required to bring about breakdown in the monocular colour match was of the very high order of 20,000 photons. As we used only 2000 photons in our experiments, we had a large margin of safety.
A direct investigation of the coefficient la\y was now undertaken. A number of experiments were made with constant adaptation and five intensities of a test stimulus with a range of 10:1. These were obtained by the use of sectors of semi openings 180° (i.e. no sector), 120°, 75°, 37-5° and 18°, at S, giving a convenient spacing of the intensities. The results of these new experiments are summarized below.
Red adaptation
There are large colour changes and depression of sensitivity. Positive blue is most noticeable with red test stimuli, decreasing in relative value with the wave length of the stimulus. For any one test colour the positive blue decreases in relative value with increasing intensity of the test stimulus, always becoming negligible after at most 10 sec.
Recovery curves, the ordinates of which are multiplied by a factor inversely proportional to the sector opening are shown below ( figure 3 a, b) and indicate systematic deviations from the coefficient law. If the law held exactly, the curves would of course all coincide. Recovery curves for the blue component are no given, since the only measurements of any significance is that at -0 Alone, the red component recovery curves for all the test colours used appear to obey the law well within the limits of experimental error, but on taking a g number of observations, a slight deviation is exhibited, especially in tort <» ours with considerable green in them, so that at lower intensities the values are & than would be given by the law. The green component curves, however, exhibit a very well-marked deviation from the law, of the same general character as the red curves show. Although Wright did not describe exactly similar experiments, he commented on apparent deviations from his law shown by the red value when a white adaptation was used. Lastly, the blue values at = 0 show considerable deviations from the coefficient law.
As will be seen from the curves, the deviation of the red component from the law is not appreciable, if existent, when the test stimulus is 0-65//, but begins to appear as the wave-length of the stimulus shortens, and at 0-5825//. is quite definite. This phenomenon is of some importance in the discussion of the results. A further point is that many of the red recovery curves show an initial upward concavity, while none show a downward one, so that barring systematic errors, there appears to be such a departure from linearity. It must be emphasized that the devia tion is of the same order as the spread of the results, and is therefore not too obvious.
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The considerable amount of green in the match on 0-65// immediately after adaptation still further increased on recovery, reaching a maximum and then gradually disappearing, being still appreciable after 100 sec. A constantly recurring phenomenon was the change in time of arriving at maximum with change of intensity, the maximum occurring later for low intensities.
It will be seen from figure 4 that the deviation from the coefficient law is quite persistent, and has only slightly decreased after 80 or 100 sec., when the sensitivity as measured by the matching stimulus has recovered to considerably more than 50 % of its dark-adapted value. Figure 4 is also typical in that it exhibits a phenomenon recurring regularly, that of the downward trend in sensitivity with successive adaptations towards the end of the experiment. This may be a fatigue effect, as distinct from adaptation.
Green adaptation
Colour changes are smaller than with red adaptation, and also the general depression of sensitivity is not so large for comparable luminosities of adapting stimulus. Positive blue is greatest in relative value with test stimulus 0-53//, decreasing as the wave-length increases (cf. red adaptation). As with red adaptation' by the end of 10 sec. recovery time, the positive blue is insufficient to bring the subjective colour as much as a discrimination step away from the spectrum locus.
Deviations from the coefficient law for the green component are apparent for all the test stimuli used, from 0-53 to 0-5825//,, though these are not nearly as large as in the red component (figure 5). The green component shows a marked upward convexity on the early part of the curves. This could not possibly be accounted for by a fortuitous spread of the results, or systematic error.
In the red component curve for 0-53// there is the same type of maximum as for the green in 0-65/t with red adaptation, but there is no apparent shift of the maxi mum with intensity. The accuracy of the curves is, however, very poor, since the red contributes very little to the luminosity, and the absence of shift should be regarded with reserve.
As with red adaptation, the deviations from the coefficient law diminish slowly with increasing recovery time, and it is known that the law holds very well when both eyes are thoroughly dark-adapted. This latter fact justifies the reduction of intensity of the test stimulus for the initial matches.
In order to gain a better picture of the way in which the matching stimulus is related to the test stimulus, smooth recovery curves are drawn, and values of the red and green components at some particular recovery time plotted against the intensity of the test stimulus, in arbitrary units. Examples of such curves are shown in figure 6 a-c. A single experiment was sufficient to show that with the intensities of adaptation used in these experiments, there is no ' after-image ' of the adaptation when no test stimulus is presented, and the threshold of sensation is quite normal, that is to say, on raising the stimulus energy from zero there is a small uncertain range in which the stimulus becomes visible, after which the sensation increases steadily and uniformly. The curves are therefore extrapolated to pass through the origin of co-ordinates. It will be seen that the curvature increases with decreasing stimulus, so that the low intensity end is quite steeply curved.
A serious drawback in these investigations has been the fact that a considerable time is necessary to acquire facility with binocular matching, and though six other observers commenced observations, it was found impossible for them to continue, for one reason or another. No useful results were obtained, therefore, for other observers, apart from some by Wright, which checked his original determinations, and indicated the difference between his and the author's dynamic characteristics of vision.
D e d u c t i o n s a b o u t t h e m e c h a n i s m
Equipped with these results, one can make some statement about the mechanism of cone vision and restrict the possibilities inherent in the Young-Helmholtz theory.
Any simple photochemical theory of vision, e.g. involving no side-or chainreactions, leads to the generalized coefficient law as a natural consequence. In order to explain our results we must look to additional reactions of some kind, or say, to some electrical effect which may modify the responses. There is a possibility that the explanation lies in an 'after-image' of the adaptation. Direct experiment has discounted the idea of a constant after-image. In view of the facts relating to different test stimuli, we can safely rule out the possibility of an after-image varying with time, but independent of the composition and intensity of the test stimulus. It should be remarked that the term 'after-image' has been widely applied and has a very loose connotation. Here we are dealing with a complex function of the adaptation and test stimulus contributing to the response to the latter, and I shall abandon the term, anticipating our deductions, for the more suitable one of 'interaction'.
It has often been stated (Parsons 1915; Peddie 1922) after Helmholtz that the three responses are mutually independent, on the evidence of monocular colour matching phenomena. Interaction, at any point subsequent to conversion of the stimulus energy into chemical or electrical energy, is perfectly possible within the framework of the theory, even, be it noted, if the coefficient law were perfectly true. Presumably the whole physiological states of the two retinae are very different when one is light-adapted and the other dark-adapted. It is not difficult to see how the deviations from the coefficient law become apparent under such conditions, though they cannot be detected under the usual conditions of similar adaptation. Consider the chain of events involved in the perception of light and colour. It is seen that there are three places where interaction may occur. Light enters the eye, is slightly absorbed in the optic media, passes through the inverted retina with its network of nerve fibres carrying the responses, into the receptors where the responses originate. These now pass across the anterior surface of the retina in the fibres and pass backwards down the closely packed optic nerve to the cortex. After this point we are not immediately concerned with the succes sion of events. Interaction may take place, then, in the receptors, in the retinal nerve layers, or in the optic nerve.
At the risk of being too definite, we can imagine that the interaction in the receptors might be chemical, while that in the last two regions might be electrical in origin. The second is distinguished from the third, since it may be affected by the test stimulus itself in passing through to the receptors. Should this be so, one would expect the effect to be a function of wave-length and intensity, and the maintenance of a colour match of heterogeneous stimuli under different adaptation conditions argues fairly conclusively against this. For this purpose, then, the retinal nerve layers and the optic nerve may be regarded as a single unit, dis tinguished from the cones in which the supposed photoelectric and/or photochemical changes take place. The evidence obtained would not appear to be sufficient to decide which, or both, of the possible modes of interaction is responsible for the effect under consideration. One can only introduce ad hoc hypotheses, mentioning 'a-adaptation5 (Schouten & Ornstein 1939) , chain chemical reactions, and electrical induction, but in view of the prevailing uncertainty of our knowledge of retinal processes, it would be unwise in a communication of this nature to theorize further.
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M o d i f i c a t i o n o f r e s u l t s
In order to make new determinations of the fundamental sensations, it is neces sary to apply corrections for the departure from the coefficient law, and we must decide how these corrections are to be made.
Referring to figure 6 ai t is clearly possible to have any constan tionality between test stimulus and matching stimulus, measured by the slope of the curve. This is the ' coefficient ' of the generalized law, and there is no a priori reason for fixing it. There are, however, two values which seem more probable than any others. When the test stimulus is of a much higher intensity than the adaptation, the coefficient law holds good, so that if the curve of figure 6 a could be produced indefinitely, it would eventually become linear. Adaptation to test and comparison patches is invoked for this condition, so that the ' coefficient ' one would obtain by extrapolation at the high intensity end is likely to be seriously in error. If interaction only becomes negligible at high intensities, it is a seemingly insoluble problem to find the true 'coefficient'. A much more probable value is derived from the slope of the curve at very low intensities. It may be that the interaction is a second order effect, negligible when the intensity is low, and relatively large at high intensities.
The derivation of corrected values of cl and Tangents are drawn to the curve and the vertical intercepts measured for a given horizontal traverse. The resulting measures can be inserted directly in equations (xiv), (xiva) and (xiv6). It is found that the slope at high intensities yields values for H and J even more scattered and divergent than those previously while the alternative assumption is far more promising.
Consider a determination of H and J with figures 6a and 66 that with red adaptation the relative correction in the /?"s is considerably greater than in the a ''s. The first term in the numerator of (xiva) always turns out to be negative (i.e. 6 is positive), and increasing the /?''s all by the same percentage makes this term numerically greater by a larger percentage, thus reducing the effects of random error. Actually with our convention, is increased by more than /?2, so that this effect is still further increased. Moreover, the percentage increase in the first (squared) term under the square root sign is considerably more than in the second, and in all cases the change is found sufficient to make condition (xvii) satisfied, when with uncorrected values it is not. Another factor helping in the right direction, is the sensibly improved determination of the term (cc[a2 -oqa^), since a2 has a bigger relative correction than ot{, and the condition for greater accuracy is satisfied.
Green adaptation had not yielded complex results, but the values of the funda mental responses derived from them are considerably altered by correcting the cl' and /?' values, the tendency being to agree better with the new determinations from red adaptation. In connexion with the apparently good agreement between the averaged results from red and green adaptation, the large spread of the individual determinations should be noted.
All the methods mentioned in the introduction give a value for the green funda mental J considerably removed from the spectral locus, while the red sensation H is often taken as that aroused by the longest visible wave-lengths, and my results are in general agreement. Additional circumstantial evidence for the approximate truth of the results, and the deductions I have made, lies in the facts mentioned in the account of the experimental results. I have supposed the responses to interact, and it is to be expected that when one is greatly preponderant it will be scarcely affected, while the other undergoes large perturbations. This is apparent in the red and green component recovery curves for 0-65/i under red adaptation, while since J is considerably beyond Gf rom R. the gree in 0-53 f iexhibits the inhibition effect quite noticeably. It is difficult to give a concise summary of this aspect of the work, since the range of errors is very large. One or two generalizations are possible, and we can say that on a normal day the maximum luminosity error for any one test stimulus is about + 20 %, and when repetition is made and smooth curves drawn, the probable error is of the order of ± 5 %, and on 'good' days somewhat better. The determination of the point at t = 0 on the recovery curve is of slightly greater accuracy than of the later points.
: The main source of error lies in the use of test stimuli giving a ratio of a' to /?' differing markedly from unity. The statistical spread in the smaller values may then be of the same order of magnitude as the quantities themselves. Here there occurs an impasse analogous to that confronting the atomic physicist in the Uncertainty Principle (Born 1935). To avoid stimuli which give binocular matches containing a relatively small amount of one of the primaries, the two test stimuli must be taken closer together, and an inspection of the working equations (xiii), (xiiia) and (xiii6) shows that the closer the stimuli the more accurate must the values of a' and /?' be to preserve the same accuracy in the result for xjy. It is quite obvious from the limiting case when the two stimuli are made identical that there is nothing to be gained by having closely neighbouring test stimuli.
In spite of the improvements introduced by the corrections mentioned in the fore going section, the terms (ct{a2 -c c xo l' 2) and are easily the largest sources of error, the differences being small compared with the individual terms, and one of the measured values being subject to great uncertainty, i.e. cl'x with red adaptation and with green, the greatest accuracy being possible using the results at = 0.
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Regarding the positive blue in the way indicated above (p. 35), and still assuming the red and green fundamental responses only to be aroused by the spectral region from about 0-70 to 0*54/4, we can safely neglect the blue at 0. The values of H and J are tabulated for various recovery times at which they were determined (table 2) , and it will be seen that those at t = 0 are at least as consis recovery times, and probably more so, though there are not sufficient observations to make a useful comparison of the spreads.
In figure 7 the values of H and J are plotted in the W. most noticeable feature of the plot being that the J values are far more scattered than those of H.
A subject of current interest has been the derivation of a trichromatic system such that distances between points on the colour diagram bear a roughly linear relation to their colour difference, as evaluated by threshold measurements. So far the Rectangular Uniform Chromaticity Scale system (R.U.C.S. system) of Breckenridge & Schaub appears to possess most advantages (Breckenridge & Schaub 1939; Holmes 1940; Wright 1941) . As a matter of some interest the values of H and J were transformed directly into the R.U.C.S. system using equations derived from data for the C.I.E. observer given by Smith & Guild (1932) and the transformation equations from the C.I.E. to R.U.C.S. system given by Holmes (1940) . The selection of the R.U.C.S. system was an arbitrary process and its uniform chromaticity scales are only very approximate (Wright 1941), so there is no theo retical ground for thinking that the spreads of the two groups of points outside the spectral locus may be compared directly as an indication of the accuracy of the determinations. As was anticipated, however, the great disparity in the spreads of the values of H and J effectively disappear when they are plotted in the R.U.C.S. diagram (figure 8). The coefficients of H and J in the R.U.C.S. system are given in the last two columns of table 1 (uncorrected values) and table 2 (corrected values).
In the absence of a reliable value for K, the fundamental blue or violet sensation, one can only derive the red and green response curves for the region from 0*54 to 0*70/4, and their approximate shape from 0*54 to 0*52/4. These curves are given in figure 9 . Doubtless the best test of the accuracy of the determinations will be in seeing the effect on the response curves of a small change in the values of H, J, or I wish to thank Mr R. A. Lister and Mr T. H. Wang for their great assistance in recording my observations, and more especially Dr W. D. Wright, who not only did some recording and observing, but took a great interest in the work and exercised a watchful guidance that was never irksome. It is natural that with his knowledge of optics in general, and physiological optics in particular, he should have made a number of suggestions and given valuable hints. I must also thank the editor of the Journal of the Optical Society of America for permission to reproduce figure 9 (g). Finally, thanks are accorded to the Medical Research Council and the Swindon Education Committee for their financial assistance.
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